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Abstract

Background: The aim of this review was to estimate the lethal and exposure doses of a representative symptom
(blindness) of methanol exposure in humans by reviewing data from previous articles.

Methods: Available articles published from 1970 to 2016 that investigated the dose-response relationship for methanol
exposure (i.e., the exposure concentration and the biological markers/clinical symptoms) were evaluated; the MEDLINE
and RISS (Korean search engine) databases were searched. The available data from these articles were carefully selected
to estimate the range and median of a lethal human dose. The regression equation and correlation coefficient (between
the exposure level and urinary methanol concentration as a biological exposure marker) were assumed from the
previous data.

Results: The lethal human dose of pure methanol was estimated at 15.8–474 g/person as a range and as 56.
2 g/person as the median. The dose-response relationship between methanol vapor in ambient air and urinary methanol
concentrations was thought to be correlated. An oral intake of 3.16–11.85 g/person of pure methanol could cause
blindness. The lethal dose from respiratory intake was reported to be 4000–13,000 mg/l. The initial concentration of optic
neuritis and blindness were shown to be 228.5 and 1103 mg/l, respectively, for a 12-h exposure.

Conclusion: The concentration of biological exposure indices and clinical symptoms for methanol exposure might have
a dose-response relationship according to previous articles. Even a low dose of pure methanol through oral or respiratory
exposure might be lethal or result in blindness as a clinical symptom.
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Background
Methanol (CH3OH) is a clear chemical, with a boiling
point of 65 °C, a vapor pressure of 96 Torr, and a weak
odor; it is a well-known volatile organic compound
(VOC). It is used as a solvent for nitrocellulose, ethyl
cellulose, various natural or synthetic resins, ethanol de-
naturant, manufacture of methyl derivative and in daily
living environments. It is also a component of coating
materials, cleaners (e.g., windshield wiper fluid and car
wash liquid), automotive antifreeze, craft adhesives,
automotive fuel and combustion, gas and cigarette
smoke [1, 2]. Human blood, urine and saliva can contain
methanol as a trace element absorbed from the human

living environment. Methanol can be easily absorbed
during exposure through respiration, skin, and the
gastrointestinal tract. The respiratory route is the pri-
mary exposure route in workshops and laboratories. At
the end of a work shift, pulmonary methanol exposure is
approximately 56–82% of the total respiratory intake.
After indoor air exposure at a 200 mg/L concentration
of methanol, the methanol concentration in the serum
reaches the highest value after 4 h of exposure [3].
In human metabolism of methanol, given its physical

and chemical properties, high skin absorption is ex-
pected. Methanol penetration is predicted at 2.0 mg/
cm2/h (logP = −0.77). Skin absorption of methanol
vapor is another primary exposure route in terms of re-
spiratory exposure [3]. Of the total exposed methanol in
the human body, elimination can occur via exhaling or
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urination for approximately 10% of unmetabolized
methanol from methanol exposure. In the body, 70–80%
of the methanol absorbed is metabolized as formalde-
hyde through alcohol dehydrogenase and then trans-
formed into free radicals and formic acid in the liver and
red blood cells, resulting in the final products of carbon
dioxide and water through formyl tetrahydrofolate syn-
thetase [1].
The characteristics of methanol poisoning are central

nervous system problems, metabolic acidosis, vision loss,
and gastrointestinal symptoms [4–6]. Bio-toxicity due to
methanol exposure is caused by the metabolites rather
than the methanol itself. The severity of the toxicity is
related to the degree of metabolic acidosis rather than
the concentration of the methanol. Ocular damage
might be caused by the toxicity of formic acid from the
acidosis of formate. The acidosis is suspected to acceler-
ate the ocular damage [7, 8]. The accumulation of for-
mate fully accounts for the increase in the anion gap
and the decrease in plasma bicarbonate. Formate accu-
mulation is the primary or only reason for acidosis in
the stages of methanol metabolism [9].
Methanol exposure usually causes acute poisoning rather

than chronic poisoning. The main characteristics of acute
poisoning are symptoms of metabolic acidosis, ocular tox-
icity, and nervous system toxicity, and it can cause blind-
ness, narcosis and death, in severe cases. In different
species, these toxicities differ in terms of the removal rate
of formic acid. If simultaneously exposed to ethanol, it is
possible to demonstrate a protective effect on the oxidative
competition with alcohols, which can then competitively in-
hibit the formation of formic acid, as an antagonistic effect
of methanol poisoning [10]. As indicated above, methanol
poisoning is usually caused by an exposure accident, in
most cases through drinking or misuse. Few cases of expos-
ure through the respiration of methanol vapor have been
reported [10, 11], such as from the semiconductor cleaning
process or methanol poisoning of workers through the
manufacturing of mobile phone ports (CNC process). In
these workers, symptoms of blindness, vomiting, mental
fog, and optic nerve damage are the typical symptoms of
methanol poisoning that have been confirmed from expos-
ure to high concentrations of methanol vapor [12, 13].
Recently, methanol exposure from the domestic manu-

facturing industry has become a major health focus in
Korea, for the general population and hazardous mater-
ial workers. However, few reports have performed sys-
temic evaluations of the clear exposure sources for
methanol or examined the exposure level and dose-
response relationship between methanol exposure and
toxicities in the human body. Therefore, this literature
review investigated the relationship between the concen-
tration of methanol exposure and the clinical symptoms
and biological exposure markers.

Methods
Research reports of methanol exposure published in
MEDLINE and RISS from 1980 to 2016 were examined
in this study. To investigate methanol exposure, the clin-
ical symptoms, toxicities and biological monitoring data
from a total of 1768 papers were identified in searches
using the keywords ‘methanol’ and ‘exposure’. Among
the papers, 29 papers from MEDLINE (from SCI grade
medical science journals) and 3 papers in RISS (for
Korean journals) were available articles for this study
after peer review. The 32 available papers (29 from
MEDLINE and 3 from RISS) were examined for data on
the exposure source, route and toxicities and biological
monitoring of human exposure. Other references in-
cluded reports from international and domestic autho-
rized public institutions. From the published articles, the
human lethal methanol doses were collected, and com-
pared to the data; the, the range of human lethal doses
and the median were estimated. From the relationship
between the biological exposure indices and exposure
concentration levels of methanol, correlation and regres-
sion equations and clinical symptoms for methanol ex-
posure levels were recalculated.

Results and discussion
Dietary and respiratory intake of methanol
Methanol exposure in the general population primarily
occurs through oral intake of meat or vegetables. Fruit
and vegetable juice (average 140 mg/L, range 12–
640 mg/L), fermented beverages (1500 mg/L or more),
and beverages such as soft drinks also provide a consid-
erable amount of methanol. In addition, local traditional
liquor, Korean wine, whiskey, and vodka contain a con-
siderable amount of methanol [10]. Smoking a cigarette
provides methanol during the vapor phase (approxi-
mately 180 μg methanol). Approximately 10% of aspar-
tame, an artificial sweetener, is converted (when
hydrolyzed) into methanol in the human body [1].
Background monitoring of a Japanese population re-

vealed that the concentration of methanol in the urine is
less than 2 mg/L in most cases and less than 5 mg/L at
the 95th percentile [14]. The arithmetic mean value of
methanol in urine has been reported as 1.9 mg/L, and
the geometric mean value has been reported as 1.7 mg/L
[14]. The following values for urinary methanol have
been reported in Brazil: 2.26 ± 1.26 mg/L (the arithmetic
mean and standard deviation), 2.10 mg/L (the geometric
mean), with a range from 0.50–4.78 mg/L [15]. In South
Korea, in terms of the exposure concentration and bio-
logical monitoring of the general population, few reports
are available, unfortunately. It is possible that not more
than 2 mg/L of methanol is found in urine, in alignment
with the Japanese and Brazilian reports.
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The relation between ambient/indoor air and biological
exposure indices of methanol
Linear regression analysis of urinary methanol levels at
the end of a work shift revealed a methanol concentra-
tion of 5500 mg/L of in ambient air [14]. In another
study, there was a correlation between blood and urinary
methanol concentrations of 500 mg/L and 1100 mg/L
(650 and 1430 mg/m3), respectively, from methanol
vapor [16]. Table 1 shows the methanol concentration of
workroom air and urinary concentrations. The urinary
methanol level in male employees was 21.8 ± 20.0 mg/L
on average (19.2 mg/L, median and 0.6–57.3 mg/L,
range) in exposed groups at the end of a work shift and
1.1 ± 0.9 mg/L on average (0.6–2.9 mg/L, range) in a
non-exposed group. It has been estimated that a median
urinary methanol concentration of 19.2 mg/L corre-
sponds to a breathing concentration geometric mean of
93 mg/L in the workers’ atmosphere. In reports of ex-
posure to methanol concentrations of 200 mg/L for 8 h,
approximate levels of 40 mg/L [17], 42 mg/L (Kawai et
al.), and 26 mg/L (arithmetic mean, Yasugi et al.) have
been reported for urinary methanol concentrations cor-
related with workroom air concentrations [18].
As shown in Table 1, methanol exposure doses from

ambient air and the response to urinary methanol con-
centrations could allow for the following regression
equation. The regression equation showed 0.21117 for a
and 4.69191 for b for Y = aX + b. Pearson’s correlation
coefficient was 0.792. The equation showed a linearity
between the concentration of methanol in the atmos-
phere (X) and the urinary methanol concentration (Y).
The equation confirmed a dose-response relationship

between the inhalation level (X) and urinary concentra-
tion of methanol (Y) [19].

Human lethal dose of methanol
The lethal dose of methanol in human beings has not
yet been clearly reported (Table 2). If medically un-
treated, the lethal dose was approximately 1000 mg/kg
(oral intake) if there was no simultaneous ingestion of
ethanol. Serious intoxication appeared when the blood
formate level was 500 mg/L or more for 10 h of expos-
ure. In an IPCS report, the human lethal dose through
oral ingestion is approximately 300–1000 mg/kg [1]. In
the OHS report, the lethal dose was reported as
60 ~ 240 ml in a case where a human drank pure
methanol. The lowest lethal dose in the report was
10 mg/kg for women, in some cases [20]. In case re-
ports, acute methanol poisoning (60 ~ 600 ml of pure
methanol) caused acute metabolic acidosis in 28 young
men in Papua New Guinea in 1977. These young men
had serious visual impairment and acute pancreatitis 8–
36 h after drinking methanol. Four of them died within
72 h after admission, but 16 of the 24 people did not ex-
perience symptoms, six were visually impaired, two
people demonstrated speech defects and visual impair-
ment [1]. According to the autopsy reports, 6 people
died with an 840–5430 mg/L blood methanol concentra-
tion and a formic acid concentration of 640 ~ 1100 mg/
L [21]. Therefore, using 300 mg/kg, which has been re-
ported as the minimum lethal dose, and assuming the
average Korean weight of 65 kg, then 19,500 mg can be
calculated as the lethal dose. If a lethal dose of 1000 mg/
kg is used, as previously reported, a lethal dose of
65,000 mg can be calculated. Therefore, the lethal dose
ranges from 19,500–65,000 mg in humans. In grams (g),
the final volume can be estimated as 19.5–65 g per per-
son for a lethal dose. Mass is multiplied by 0.79 for the
specific gravity of methanol (calculated as 15.8–189.6 g),
and 47.4–474 g/per person is the lethal dose range
(based on reports of 20–240 ml from OHS MSDS and
60–600 ml from IPCS), therefore, a small amount of

Table 1 Exposure dose and effects of urinary biological indices
of methanol

Methanol in respiratory
air (mg/L)

Urinary methanol
concentration
(mg/L)

References

Occupational exposure

66.6 23 [18]

70 21.8 [17]

152 40 [17]

181.4 74 [37]

200 40 [17]

200 42 [14]

200 26 [18]

Background exposure

0.06–0.32 (μg/l) 0.73 [1]

- 1.1 [17] (as control group)

The exposure period was 8 h following the end of a work shift for
occupational exposure and 24-h exposure for environmental exposure

Table 2 Lethal dose of methanol

Dose Estimation from
recalculation
(g/person)

Remarks

Oral administration

300–1000 (mg/Kg) 19.5–65 [1]

1000 (mg/kg) 65 [22]

20–240 (ml) 15.8–189.6 OHS MSDS

60–600 (ml) 47.4–474 [1]

Respiratory administration

4000–13,000 mg/L [22], 12 h
exposure
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methanol taken orally might be a lethal dose. Therefore,
the median lethal dose is estimated as a representative
value (56.2 g/per person) based on data using the lethal
dose of pure methanol.
In case reports of respiratory exposure through vapor,

women died at levels of 4000–13,000 mg/L after 12 h of
methanol exposure with limited ventilation in a closed
space [22].

Exposure levels of methanol and clinical symptoms
Intoxication by exposure level initially manifests as tem-
porary sickness and drowsiness similar to ethanol poi-
soning. In most cases, methanol intoxication has a latent
period of 6 to 30 h. Then, metabolites from methanol
can cause vomiting, dizziness, abdominal pain, diarrhea,
difficulty breathing, acidosis (Kussmaul breathing),
blurred vision, hyperemia of the optic nerve head, blind-
ness, optic disc congestion, manic excitement, manic
disorder, delirium, and brain edema [23, 24].

Oral exposure level of methanol and clinical symptoms
Permanent blindness has been reported to be induced
by oral ingestion at levels of 4 ~ 10 ml or 15 ml. How-
ever, even after ingesting 500 to 600 ml of methanol,
one patient recovered; individual differences appear to
be related to whether there is simultaneous exposure to
ethanol [25]. With oral exposure, abdominal discomfort
and abdominal colic frequently occur, and nausea,
vomiting, and diarrhea appear in approximately 50% of
cases. Acute pancreatitis, accompanied by amylase
viremia and high amylase urine disease, could occur fol-
lowing abdominal pain [23, 26]. Headache and breathing
changes appeared at doses of 429 mg/kg dose (from
drinking) [20]. Eyes were affected when the subjects
drunk 3429 mg/kg of methanol. Changes in circulation,
vomiting and dyspnea appeared when subjects ingested
6422 mg/kg of methanol [20, 27, 28]. If these data were
converted to 65 kg body weight, the lethal dose range
would be 27.8–417 g/person. In these oral intake cases,
the exposure was not to pure methanol but rather etha-
nol. Reportedly, there is not a great difference between
the exposure levels that trigger a lethal dose and clinical
symptoms (Table 3).

Blood methanol and its metabolite concentration and
clinical symptoms
In patients who were treated in the intensive care unit
for serious methanol poisoning, one study reported
using hemodialysis treatment in cases of >200 mg/L of
blood methanol concentrations from deliberate drinking;
the study also reported metabolic acidosis and vision ab-
normalities [29]. Permanent blindness appeared when
the formate blood concentration was 3220 mg/L for
20 h or more from the inhibition of cytochrome oxidase

(cytochrome oxidase) in the mitochondria and oxidative
phosphorylation process [22]. In a case report of a 4-
year-old girl who was hospitalized with nausea, vomiting
and abdominal pain in the emergency room, her blood
methanol concentrations was 790 mg/L [30]. In a 1978
study of Swedish alcoholism, a cleaning liquid containing
up to 80% methanol was ingested. Since 1978, the clean-
ing liquid methanol has reportedly limit the amount of
methanol to less than 5%. The misuse of cleaning solu-
tion for alcohol intoxication has been frequently re-
ported, and the methanol concentration in the blood
ranged from 1000 to 2000 mg/ from 1 to 2 weeks of
exposure [31]. Women 26 years of age undergoing preg-
nancy care at gestational week 38 consumed 250–
500 ml of methanol. Five hours after ingestion, they
demonstrated light acidosis, 2300 mg/L of serum metha-
nol, and 336 mg/L of formic acid concentration. Frenia
and Schauben [32] have reported toluene (43.8%),
methanol (22.3%), methylene chloride (20.5%) and pro-
pane (12.5%) in the vapor of a liquid carburetor cleaner.
Blood methanol levels from inhalation exposure ranged
from 504 to 1286 mg/L, and blood formic acid levels of
120, 193, and 480 μg/ml resulted in altered vision ac-
cording to eye examinations [32].

Respiration exposure concentration and clinical symptoms
Amblyopia from vapor inhalation in occupational expos-
ure to methanol (visually impaired) and approximately
100 deaths were reported until 1912 [1, 33]. Most pa-
tients had been exposed to methanol vapor (300 mg/L)
[34, 35]. Wood heel manufacturing industry workers
were exposed to a concentration of methanol vapor ran-
ging from 160 to 780 mg/L. However, the workers did
not show any health symptoms [22]. Workers repeatedly
exposed to 200–375 mg/L methanol vapor report recur-
rent headaches [27]. Chronic intoxication occurs when
individuals are exposed to a concentration of
800 ~ 3000 mg/L in ambient air through inhalation from

Table 3 Symptoms from oral intake of methanol

Exposure
level

Estimation from
recalculation
(g/person)

Symptoms Remarks

429 mg/kg 27.8 Headache and
respiratory change

[20]

3429 mg/kg 222.9 Affects vision
[27]

6422 mg/kg 417 Breathing difficulty,
nausea, vomiting,
circulatory system
changes

[28]

4–15 ml 3.16–11.85 Blindness [20]
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occupational exposure [16]. In the case of chronic in-
toxication through inhalation, it is possible to experience
the first signs of visual impairment. For instance, light
blurred vision, diminished visual field and permanent
blindness could occur. In repeated or long-term respir-
ation exposure, clinical symptoms can occur that are
similar to those reported in acute toxicity cases from
oral intake. The signs and symptoms from repeated ex-
posure at levels of 365–3080 mg/L were headache, dizzi-
ness, vomiting, severe upper abdominal pain, low back
pain, breathing difficulties, cloudy view and diarrhea
[22]. In a patient who inhaled 3000 mg/L of methanol,
bradycardia, visual changes and headache were reported
[20]. Workers exposed to methanol concentrations of
1200 ~ 8000 mg/L for 4 years demonstrated diminished
visual field and liver expansion [20]. The 23 workers ex-
posed to a poor working environment (power failure
prevention work during wartime) at a concentration of
approximately 8300 mg/L showed symptoms of tempor-
ary blindness (Table 4) [22].
In a recent methanol addiction accident in Korea,

close attention should be directed toward the exposure
level of methanol and the initial exposure concentration
range. Symptoms of optic neuritis were supposed to ap-
pear at an initial concentration of 228.5 mg/L; however,
a methanol exposure concentration range of 228.5 to

417.7 mg/L is a somewhat narrow range. Blindness was
supposed to occur at an initial exposure concentration
of 1103 mg/L, ranging from 1103 to 2220 mg/L, accord-
ing to the Korean Confederation of Trade Unions, 2016.
These initial exposure concentrations for optic neuritis
and blindness were the lowest exposure concentrations
reported in recent studies of methanol exposure [36].
In 2016, the methanol exposure limit for workers in

ACGIH were shown to be 200 mg/L for TWA and
250 mg/L for STEL. These exposure limit levels were
thought to be high because health symptoms can appear
at 160 mg/L, recurrent headaches at 200 mg/L and optic
neuritis, unconsciousness and vomiting at 228.5 mg/L
for the initial exposure concentration (Table 4) [36].

Skin exposure and clinical symptoms
Toxicity through the skin occurs in animals and humans.
When the skin comes in contact with methanol liquid,
there is a possibility of skin irritation and skin absorption
[1, 22]. Metabolic acidosis can result in adverse effects in
the eyes and central nervous system. Chronic and re-
peated continuous contact with methanol can cause ery-
thema, degreasing of the skin, squama, eczema, and
dermatitis. For chronic absorption, metabolic acidosis can
demonstrate the same symptoms described for acute in-
gestion [22]. Repeated prolonged contact can cause con-
junctivitis, which accumulates a high concentration of
methanol when exposed daily to methanol vapor [1].

Conclusion
From the reported data from methanol exposure in hu-
man beings, the dose response is related to methanol ex-
posure dose and urinary methanol concentration. The
relationship between the level of oral/respiration expos-
ure and clinical symptoms was reviewed in previous re-
ports. The lethal dose of pure methanol in humans is
estimated at 15.8–474 g/person as the range and 56.2 g/
person as the median. Oral intake of 3.16–11.85 g/per-
son of pure methanol could cause blindness. Even at low
dose levels, pure methanol (oral and respiration expos-
ure) might result in a lethal dose or result in blindness
as a clinical symptom. Careful attention is necessary.
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[20]

8300 Temporary blindness [22]

Moon Annals of Occupational and Environmental Medicine  (2017) 29:44 Page 5 of 6



Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The author declare that there are no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 13 February 2017 Accepted: 7 September 2017

References
1. IPCS. Environmental Health Criteria 196. Methanol. WHO Geneva, 1997. IPCS

INCHAEM Home; http://www.inchem.org/documents/ehc/ehc/ehc196.htm.
2. Becalski A, Bartlett KH. Methanol exposure to car occupants from

windshileld washing fluid: a pilot study. Indoor Air. 2006;16(2):153–7.
3. Korea Occupational Safety & Health Agency (KOSHA). Standard of biological

exposure indices and analytical methods I-16 Organic solvents (etc. Xylene)
(Health division-Research Material-Institute 2010-64-880) KOSHA. 2010.

4. Kalkan S, Cevik AA, Cavdar C, Aygoren O, Akgun A, Ergun N, et al. Acute
methanol poisonings reported to the drug and poison information Center
in Izmir. Turkey Vet Hum Toxicol. 2003;45(6):334–7.

5. van Kampen RJ, Krekels MM, Derijks HJ, Peters FP. Serious intoxication after
inhaling methanol. Ned Tijdschr Geneeskd. 2006;150(23):1298–302.

6. Kostic MA, Dart RC. Rethinking the toxic methanol level. J Toxicol Clin
Toxicol. 2003;41(6):793–800.

7. Jacobsen D, McMartin KE. Methanol and ethylene glycol poisonings.
Mechanism of toxicity, clinical course, diagnosis and treatment. Med Toxicol.
1986;1(5):309–34.

8. Martin-Amat G, McMartin KE, Hayreh SS, Hayreh MS, Tephly TR. Methanol
poisoning: ocular toxicity produced by formate. Toxicol Appl Pharmacol.
1978;45(1):201–8.

9. Sejersted OM, Jacobsen D, Ovrebø S, Jansen H. Formate concentrations in
plasma from patients poisoned with methanol. Acta Med Scand. 1983;
213(2):105–10.

10. Oh C-H, Lee Y-J, Min SH. Estimation of methanol exposure level via
alcoholic beverage consumed by Jecheon citizen, South Korea. Korean J
Food & Nutr. 2013;26(1):44–50.

11. Han KH, Lee JH, Ha MS, Hwang JI, Min JH, Park JS, et al. A case of methanol
intoxication from windshield washer fluid ingestion misidentified as an
alcoholic beverage. J Korean Soc Emerg Med. 2012;23(5):762–8.

12. Seminar materials of the National Assembly of the Republic of Korea.
Current status and system improvement of dispatched worker‘s health and
safety from methanol intoxication. Small-size meeting room of Library of
Congress. Apr. 21. 2016. Available: http://nodong.org/?module=file&act=
procFileDownload&file_srl=7062398&sid=
473476d187c474d4dd4fc7d62085fdc4&module_srl=900104.

13. Gaffney S, Moody E, McKinley M, Knutsen J, Madl A, Paustenbach D. Worker
exposure to methanol vapors during cleaning of semiconductor wafers in a
manufacturing setting. J Occup Environ Hyg. 2008;5(5):313–24.

14. Kawai T, Yasugi T, Mizunuma K, Horiguchi S, Hirase Y, Uchida Y, Ikeda M.
Methanol in urine as a biological indicator of occupational exposure to
methanolvapor. Int Arch Occup Environ Health. 1991;63(5):311–8.

15. Passarelli MM, Paolielo MM, Matsuo T, Turin CA, Nascimento ES. Methanol
reference values in urine from inhabitants of Brazil. Sci Total Environ. 1999;
243-244:349–52.

16. Leaf F, Zatman LJ. A study of the conditions under which methanol may
exert a toxic hazard in industry. Br J Ind Med. 1952;9:19–31.

17. Heinrich R, Angerer J. Occupational chronic exposure to organic solvents. X.
Biological monitoring parameters for methanol exposure. Int Arch Occup
Environ Health. 1982;50(4):341–9.

18. Yasugi T, Kawai T, Mizunuma K, Horiguchi S, Iwami O, Iguchi H, Ikeda M.
Formic acid excretion in comparison with methanol excretion in urine of
workers occupationally exposed to methanol. Int Arch Occup Environ
Health. 1992;64(5):329–37.

19. Sedivec V, Mráz M, Flek J. Biological monitoring of persons exposed to
methanol vapours. Int Arch Occup Environ Health. 1981;48(3):257–71.

20. Ministry of Food and drug safety in Korea. Tox-Info. 2016 Available: http://
www.nifds.go.kr/toxinfo/Index.

21. Wallage HR, Watterson JH. Formic acid and methanol concentrations in
death investigations. J Anal Toxicol. 2008;32(3):241–7.

22. Bingham E, Cohrssen B, Powell CH. Patty's Toxicology Volumes 1–9 5th ed.
John Wiley &Sons. New York, N.Y. 2001. V6, p.379–380.

23. Winchester J. Methanol, isopropyl alcohol, higher alcohols, ethylene glycol,
cellosolves, acetone and oxalate. Chapter 35 in: Haddad LM, Shannon M,
Winchester JF. Clinical management of poisoning and drug overdose. 1998.

24. Kim HJ, Na JY, Lee YJ, Park JT, Kim HS. An autopsy case of methanol
induced intracranial hemorrhage. Int J Clin Exp Pathol. 2015;8(10):13643–6.

25. Kruse JA. Methanol poisoning. Intensive Care Med. 1992;18:391–7.
26. Gosselin, Smith, Hodge. Clinical Toxicology of Commercial Products. Fifth

ed. 1984.
27. Jacobsen D, Jansen H, Wiik-Larsen E, Bredesen JE, Halvorsen S. Studies on

methanol poisoning. Acta Med Scand. 1982;212(1–2):5–10.
28. Handa SP. Methanol intoxication. Can Med Assoc J. 1983; 1; 128(1): 14–5.
29. Hantson P, Haufroid V, Wallemacq P. Formate kinetics in methanol

poisoning. Hum Exp Toxicol. 2005;24(2):55–9.
30. Türkmen N, Eren B, Cetin G. Fatal methanol ingestion in a child: case report.

Acta Med (Hradec Kralove). 2009;52(3):125–7.
31. Heath A. Methanol poisoning. Lancet. 1983;1(8337):1339–40.
32. Frenia ML, Schauben JL. Methanol inhalation toxicity. Ann Emerg Med.

1993;22(12):1919–23.
33. Bang JS, Yang HS, Rho SS, Chang Y-H. A case of toxic amblyopia caused by

methanol intoxication. J Korean Ophthalmol Soc. 2007;48(12):1731–5.
34. Becker CE. Methanol poisoning. J Emerg Med. 1983;1(1):51–8.
35. Frederick LJ, Schulte PA, Apol A. Investigation and control of occupational

hazards associated with the use of spirit duplicators. Am Ind Hyg Assoc J.
1984;45(1):51–5.

36. Korean Confederation of Trade Union. Congress seminar, Safety and health
status and system improvement of temporary workers for methanol
intoxication accident. 2016.

37. Batterman SA, Franzblau A, Darcy JB, et al. Breath, urine and blood
measurements as biological exposure indices of short-term inhalation
exposure to methanol. Int Arch Occup Environ Health. 1998;71:325–35.

38. ACGIH. 2016 TLVs and BEIs. Signature Publications. 2016.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Moon Annals of Occupational and Environmental Medicine  (2017) 29:44 Page 6 of 6

http://www.inchem.org/documents/ehc/ehc/ehc196.htm
http://nodong.org/?module=file&act=procFileDownload&file_srl=7062398&sid=473476d187c474d4dd4fc7d62085fdc4&module_srl=900104
http://nodong.org/?module=file&act=procFileDownload&file_srl=7062398&sid=473476d187c474d4dd4fc7d62085fdc4&module_srl=900104
http://nodong.org/?module=file&act=procFileDownload&file_srl=7062398&sid=473476d187c474d4dd4fc7d62085fdc4&module_srl=900104
http://www.nifds.go.kr/toxinfo/Index
http://www.nifds.go.kr/toxinfo/Index

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results and discussion
	Dietary and respiratory intake of methanol
	The relation between ambient/indoor air and biological exposure indices of methanol
	Human lethal dose of methanol
	Exposure levels of methanol and clinical symptoms
	Oral exposure level of methanol and clinical symptoms
	Blood methanol and its metabolite concentration and clinical symptoms
	Respiration exposure concentration and clinical symptoms
	Skin exposure and clinical symptoms

	Conclusion
	Funding
	Availability of data and materials
	Author contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

